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(54) DIGITAL RECORDING AND REPRODUCING DEVICE 
(57)Abstract: 

PURPOSE: To speed up the transfer rate changeover due to a zone change by 
sampling reproduced signals at a fixed frequency throughout the entire zone and 
by performing data identification with a digital signal processing. 
CONSTITUTION: An oscillator 6 oscillates a specific frequency which is equal to 
or slightly higher than the channel clock frequency of the outer most zone and a 
frequency converting circuit 7 generates a channel clock of the zone from the 
output of the oscillator 6. And an analog/digital converter 20 samples reproduced 
signals using the output of the oscillator 6 as a sampling clock and a signal 
processing section 21 performs data identification based on the output of the 
analog/digital converter 20. Thus, the transfer rate changeover is stably done at 
a high speed because the reproduced signals are sampled at a fixed frequency 
throughout the entire zone and data identification is done by a digital signal 



processing. 
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CLAIMS 
[Claim(s)] 

[Claim 1] A disk-like record medium and the head which carries out record 
playback of the digital signal at said disk-like record medium, A playback 
magnification means to detect and amplify said head output at the time of 
playback, and an analog-to-digital conversion means to sample and output the 
output of said playback magnification means with the sampling clock of a 
specific frequency, A signal-processing means to process the output of said 
analog-to-digital conversion means, and to perform data discernment of a 
regenerative signal, The oscillation means which carries out the oscillation 
output of said specific sampling clock, and a frequency-conversion means to 
change and output the output of said oscillation means to a suitable frequency, 



The digital recording regenerative apparatus characterized by having the record 
magnification means which drives said head and records a digital signal by using 
the output of said frequency conversion means as a record data clock. 
[Claim 2] The record section of a disk-like record medium is a digital recording 
regenerative apparatus according to claim 1 with which it is divided into real 
good spacing to the disk radial in two or more zones, and the transfer rate of the 
Nth zone is characterized by being the relation of a rational-number ratio shown 
in (several 1) with the natural numbers M1, M2, and M3 by making an outermost 
periphery zone into the 1st zone. 
[Equation 1] 

M 1— N • M 2 
M3 

[Claim 3] A specific sampling clock is a digital recording regenerative apparatus 
according to claim 2 characterized by being a frequency corresponding to the 
transfer rate at the time of being referred to as N= 0 in (several 1). 
[Claim 4] A phase count means by which a signal-processing means calculates 
the relative time relation of the identification point time of day of a continuous 
value to a regenerative signal and sampling time of the plurality of the output of 
an analog-to-digital conversion means, The digital phase-locked loop which 
reproduces and outputs a playback clock component from said phase count 



means output, It has a data judging means to judge and output discernment data 
from the identification point location expressed with the punching point location 
expressed with said digital phase-locked loop output, and said phase count 
means output, the phase of said digital phase-locked loop — the digital recording 
regenerative apparatus according to claim 1 characterized by setting up the 
resolving power of said phase count means, and the free running frequency of a 
digital phase-locked loop so that resolving power may become fixed over all 
zones. 

[Claim 5] A phase count means for a signal-processing means to calculate the 
relative time relation of identification point time of day and sampling time 
according to the transfer rate of two simultaneously different zones from the 
value which the plurality of the output of an analog-to-digital conversion means 
follows, and to output, Two digital phase-locked loops which reproduce and 
output a playback clock component respectively from two identification point 
topology which is said phase count means outputs, The digital recording 
regenerative apparatus according to claim 1 characterized by having the zone 
judging means which carries out the directions output of the zone which detects 
phase error change of said two digital phase-locked loops, judges the size of 
change, and corresponds to the digital phase-locked loop of the smaller one. 
[Claim 6] The data judging means of a signal processing means be a digital 



recording regenerative apparatus according to claim 5 which be directed with 
said zone judging means and characterize by have the function output by 
perform data discernment of a regenerative signal from the identification point 
location which be one [ corresponding to the punching point time of day express 
with a digital phase-locked loop output and this / said ] phase count means 
output . 

[Claim 7] It is the digital recording regenerative apparatus according to claim 1 
which sector division of the recording track of each zone is carried out at two or 
more sectors, and is the same as for a format of each sector, is divided into 
address part and data division, and is characterized by the frequency switching 
time of said frequency-conversion means being the playback business time 
amount of this sector address section, and below equivalent. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention divides especially the record section of a 
disk into a disk-like medium in two or more zones about the digital recording 
regenerative apparatus which carries out record playback of the digital signal, 
and relates to the digital recording regenerative apparatus of a zoning recording 
method to which a transfer rate is changed according to each zone. 
[0002] 

[Description of the Prior Art] In recent years, the researches and developments 
which attain high storage capacity-ization are prosperous, and the 
signal-processing method according to various record formats or a modulation 
technique is developed so that a digital recording regenerative apparatus may 
be looked at by a hard disk unit and the optical disk unit. 

[0003] Generally, since the body of a disk fixes an angular velocity called per 
minute 1800 to 3600 revolutions and drives it from a viewpoint of the access time 
in the digital recording regenerative apparatus using a disk-like record medium, 
when the transfer rate of record playback is fixed, the recording density of the 
periphery section becomes low and recording efficiency is bad. the equipment 
development which adopted the zoning recording method which increase 
storage capacity be prosperous by make a transfer rate increase in the periphery 



section , and make track recording density into about 1 law over all record 
sections substantially by divide the record section on a disk into two or more 
zones , divide each zone into a number of sectors which be different although 
magnitude be the same , and perform record playback as a means solve this . 
[0004] About this zone number of partitions and the number of sectors of each 
zone, although it is the design matter of each equipment, in order for what is 
necessary to be just to design so that it may become fixed over all record 
sections highly as long as track recording density is permitted ideally, efficient 
equipment is obtained, so that there is much zone number of partitions. 
[0005] [ how the accurate record clock signal according to each zone is 
generated as an important point at the time of adopting such a zoning method, 
and ] Data discernment of the regenerative signal according to each zone [ how 
it realizes efficiently according to change of a zone, and ] It is raised how when 
performing record playback ranging over two or more zones furthermore, a zone 
switch is performed smoothly, and it is necessary to take into consideration the 
engine performance of a record playback means enough also in the design of a 
record format. 

[0006] An example of the above-mentioned conventional digital recording 

regenerative apparatus is explained referring to a drawing below. 

[0007] Drawing 8 is the block diagram of the conventional digital recording 



regenerative apparatus. Drawing 9 shows the record format and drawing 10 is 
the important section detail drawing of drawing 8 . In drawing 8 , 1 is a disk-like 
record medium. 2 — for a binary-ized circuit and 5, as for an oscillator and 7, a 
data discrimination decision circuit and 6 are [ a head and 3 / a regenerative 
amplifier and 4 / a frequency changing circuit and 8 ] record amplifier, drawing 10 
- setting - 9 — for a low-pass filter and 12, as for a voltage controlled oscillator 
and 14, a data judging machine, and 15 and 19 are [ an adder, and 13 and 18 / a 
phase comparator, and 11 and 17 / a switch, and 10 and 16 ] counting-down 
circuits. In this drawing, the data discrimination decision circuit 5 consists of a 
switch 9, a phase comparator 10, the low-pass filter 11, an adder 12, a voltage 
controlled oscillator 13, and a data judging machine 14. Furthermore, a 
frequency changing circuit 7 consists of counting-down circuits 15 and 19, a 
phase comparator 16, a low-pass filter 17, and a voltage controlled oscillator 18. 
About the digital recording regenerative apparatus constituted as mentioned 
above, the actuation is explained below. 

[0008] As first shown in drawing 9 , the record section on the disk-like record 
medium 1 is divided into a total of four zones so that the periphery section may 
be made into the 1st zone and it may make the inner circumference section the 
4th zone. The radius by the side of each zone inner circumference as R1, R2, 
R3, and R4 The width of face is set up equally respectively, and the inner 



circumference side radius of the Nth zone has become as shown in (several 2) 
by making M1, M2, and M3 into the natural number. 
[0009] 
[Equation 2] 



R2=R1-R1- M2/M3=R1- (Ml- 1 
R3= R 2- R 1 • M2/M3= R 1 • (Ml-2 
R4=R3-Rl- M2/M3=R1- (Ml-3 



[0010] Therefore, when the transfer rate of a zone 1 is set to 1 bit of D per 
second, track recording density is set almost constant over all zones by setting 
up the transfer rate of each zone, as shown in (several 3). 
[0011] 
[Equation 3] 

D2-D1- R2/R1-D1- (Ml- 1 • M2) /M3 
D3-D1- R3/R1-D1' (Ml-2 • M2) /M3 
D4- D 1 • R 4/R 1- D 1 • (Ml-3 • M2) /M3 



R 1 




[0012] In drawing 8 , an oscillator 6 is an oscillator which oscillates the frequency 
of the channel clock which is a write-in clock of the record data corresponding to 



the transfer rate of the above D1. The frequency of the actual channel clock 
corresponding to this transfer rate becomes settled by the modulation technique 
used for record playback. In drawing 10 , a counting-down circuit 15 carries out 
M3 dividing of the output of an oscillator 6, and outputs it. A phase comparator 
10 detects and outputs the phase contrast of the output of a counting-down 
circuit 15, and the output of a counting-down circuit 19, and the low-pass filter 1 1 
carries out low-pass filtering of the output of a phase comparator 10, and outputs 
it. A voltage controlled oscillator 13 is an oscillator oscillated on the frequency 
proportional to the output voltage of the low-pass filter 11. A counting-down 
circuit 19 carries out dividing (M1-N-M2) of the voltage controlled oscillator 18 
output, and outputs it. Here, they are a phase comparator 16, the low-pass filter 
17, and an electrical-potential-difference system. The phase-locked loop is 
constituted from an oscillator 18 and a counting-down circuit 19, and 
counting-down circuit 19 output frequency is equal to the frequency of the output 
of a counting-down circuit 15 in the state of phase simulation, namely, the 
transfer rate of the zone where the frequency of the output of the voltage 
controlled oscillator 18 which is the output of a frequency changing circuit 7 
corresponds - it is (several 3) - it becomes the corresponding frequency. 
[0013] It is used as a clock signal of record data at the time of record, and the 
channel clock signal acquired by the above actuation changes the division ratio 



of a counting-down circuit 19 according to the corresponding zone number, and 
the frequency is changed and it is outputted. The record amplifier 8 drives a 
head 2 according to record data based on this voltage controlled oscillator 18 
output, and records on the disk record medium 1. This channel clock signal is 
used again also for stabilization of the free running frequency of the 
phase-locked loop at the time of playback. At the time of playback, the recording 
information on the disk record medium 1 detected by the head 2 is amplified with 
a regenerative amplifier 3. The output of a regenerative amplifier 3 is an analog 
signal, and this is changed into a binary signal in the binary-ized circuit 4. In 
drawing 10 , although a switch 9 chooses binary-ized circuit 4 output at the time 
of playback of data, the output of a frequency changing circuit 7 is chosen and 
outputted before playback initiation, a phase comparator 10 detects and outputs 
the phase contrast of the output of a switch 9, and the output of a voltage 
controlled oscillator 13, and low-pass filtering of this phase contrast is carried out 
with the low-pass filter 1 1 . The adder 2 added and outputted the voltage signal 
Vvco according to the transfer rate of an applicable zone to the low-pass filter 1 1 , 
and the voltage controlled oscillator 13 was proportional to the output of an 
adder 12. It is the oscillator which carries out an oscillation output on a frequency. 
In this case, the phase-locked loop by which free running frequency is controlled 
by the value of Vvco which is one input of an adder 12 is constituted from the 



phase comparator 10, a low-pass filter 11, an adder 12, and a voltage controlled 
oscillator 13, and it is SUITSU. The signal which synchronized with the clock 
component of the output of CHI 9 is acquired by the output of a voltage 
controlled oscillator 13 as a playback clock signal. Here, since the selection 
output of the output of the binary-ized circuit 4 is carried out when a 
phase-locked loop is in this channel clock at a synchronous condition and a 
regenerative signal is acquired, since the switch 9 is carrying out the selection 
output of the channel clock before acquiring a regenerative signal, synchronous 
drawing-in actuation of a phase-locked loop is performed promptly, and the 
malfunction of clock playback is prevented. The data judging machine 14 is a 
D-flip-flop which pierces said playback clock signal, considers as a clock, and 
makes the output of a switch 9 a data input, will perform synchronization to said 
playback clock signal of binary-ized data, and will output it as discernment data. 
[0014] 

[Problem(s) to be Solved by the Invention] By the way, when the zone which 
carries out record playback changes, a frequency changing circuit 7 needs to be 
frequency switched of such a zoning recording method, the sector which 
consists of address part to which the smallest unit of record playback carried out 
sector division of each truck in a zone, and data division of record playback — it 
is — the phase-locked loop of data discernment at the time of playback — 



playback of address part, and playback of data division — it needs to be given 
before the channel clock of an applicable zone reproduces an applicable sector 
also to any, since synchronous drawing-in actuation is required. In order to 
record data after carrying out address playback of that object sector at the time 
of record, the significance of a frequency switch rate is lower than the time of 
playback, but since the clock of record data itself will be generated in this case, 
the jitter showing that signal quality needs to be small enough. 
[0015] However, although the time amount which the frequency change of the 
frequency changing circuit 7 accompanying this zone switch takes is so small 
[ that the frequency band of the phase-locked loop in a frequency changing 
circuit 7 is large ] good, the jitter has the consistent property of becoming large. 
Therefore, with a configuration like above-mentioned before, the time amount 
which a frequency switch takes was large, or it did not perform record playback 
during this switch period, two frequency changing circuits 7 were formed and it 
had taken the approach of generating beforehand the channel clock of the 
frequency corresponding to the zone expected next. 

[0016] However, such an approach had the technical problem that complicated 
control and circuit magnitude was enlarged further. 

[0017] This invention offers a digital recording regenerative apparatus with the 
very high-speed frequency conversion at the time of playback by high stability in 



view of the technical problem of the above-mentioned conventional digital 
recording regenerative apparatus. 

[0018] ****** of the channel clock to the phase-locked loop which was still more 
nearly required before playback is made unnecessary, and improvement in the 
engine performance is aimed at 
[0019] 

[Means for Solving the Problem] The head to which the digital recording 
regenerative apparatus of this invention carries out record playback of the digital 
signal at a disk-like record medium and said disk-like record medium, The 
regenerative amplifier which detects and amplifies said head output at the time 
of playback, and an analog-to-digital conversion means to sample and output 
said regenerative amplifier output with the sampling clock of a specific frequency, 
A signal-processing means to process the output of said analog-to-digital 
conversion means, and to perform data discernment of a regenerative signal, 
The oscillation means which carries out the oscillation output of said specific 
sampling clock, and a frequency-conversion means to change and output the 
output of said oscillation means to a suitable frequency, It is the digital recording 
regenerative apparatus equipped with the record magnification means which 
drives said head by using the output of said frequency conversion means as a 
record data clock, and records a digital signal. 



[0020] 

[Function] This invention can realize unnecessary data discernment of switching 
time by high stability by performing data discernment by digital signal processing 
by fixed sampling, and making this sampling frequency fixed over all zones by 
the above-mentioned configuration. 

[0021] Similarly, since the input of a channel clock is unnecessary, the 
allowances for reading time amount of address part are acquired to frequency 
switching time to generation of the channel clock by the frequency conversion 
means at the time of record, and even if a zone switch is required in the middle 
of record, it becomes possible to perform record playback continuously at 
regenerative-signal processing. 

[0022] Moreover, simplification of a signal-processing means is attained by 
making the frequency of this fixed sampling a little higher than the transfer rate of 
an outermost zone. 
[0023] 

[Example] The digital recording regenerative apparatus of the example of this 
invention is explained below, referring to a drawing. 

[0024] Drawing 1 shows the basic configuration of the digital recording 
regenerative apparatus in one example of this invention. Drawing 2 is [ the 1st 
important section detail drawing, drawing 4 , and drawing 5 of drawing 1 of the 



record format and drawing 3 ] a signal waveform diagram for the explanation of 
operation. 

[0025] In drawing 1 , 20 is an analog-to-digital converter and 21 is the 
signal-processing section. In drawing 3 , 22 is a phase calculator. 23 — a zero 
crossover converter, and 24 and 34 — a delay machine and 25 - the location 
count ROM and 26 - a multiplier and 27 - a zero crossover detector and 28 — 
for a switch and 31, as for a numerical-control oscillator and 33, a low-pass filter 
and 32 are [ a digital phase-locked loop and 29 / a subtractor and 30 / an adder 
and 35 ] data judging machines. What has the function same about each above 
component as drawing 8 and the conventional example of drawing 10 gives the 
same number, and omits the explanation. 

[0026] About the digital recording regenerative apparatus constituted as 
mentioned above, the actuation is explained to the concrete configuration list 
using drawing 1 , drawing 2 , drawing 3 , drawing 4 , and drawing 5 below. 
[0027] First, the record format shown in drawing 2 is fundamentally the same as 
that of the conventional example, and the actuation of the frequency converter 7 
in drawing 1 of it is also the same as that of the conventional example except for 
the relation between clock frequency and a division ratio. Therefore, although 
the transfer rate of each zone is given by (several 3), it is in a point of difference 
considering the 0th zone of imagination on the outside to the pan of the 



outermost periphery, and making the channel clock frequency corresponding to 
0 bit of D the oscillation frequency of an oscillator 6 transfer rate per second at 
that time, the division ratio corresponding to the counting-down circuits 15 and 
19 of drawing 10 [ as opposed to the 0th zone at this time ] — and (M3+1) (M1+1) 
— it is — the transfer rate corresponding to each zone becomes the 
rational-number ratio given by (several 4). 
[0028] 
[Equation 4] 

D 1= DO • Ml/ (M3+ 1 ) 
D2= D 0 • (Ml- 1 • M2) / (M3+ 1 ) 
D3=D0- (Ml— 2 • M2) / ( M3+ 1 ) 
D4=D0- (Ml— 3 • M 2) / (M3+1) 

[0029] Even if it gives a channel clock in this way, since the frequency of an 
oscillator 6 is /(M3+1) M3 time compared with the conventional example, the 
transfer rate of each zone is the same. 

[0030] At the time of playback, first, the ANAROKU-digital transducer 20 
samples the output of a regenerative amplifier 3 with the sampling clock of the 



frequency of the channel clock corresponding to the transfer rate of said Oth 
imagination zone, and changes and outputs it to a digital signal. By considering 
the output of an analog-to-digital converter 20 as an input, by digital signal 
processing, the signal-processing section 21 performs data discernment, and 
outputs the result. Data discernment is possible by sampling a regenerative 
signal with the sampling clock of fixed frequency by this approach (for example, 
refer to "digital data discernment of optical-magnetic disc equipment" (the 
Institute of Electronics, Information and Communication Engineers, the 3rd 
digital-signal-processing symposium, Atami, October, 1989) besides Shimada). 
Drawing 4 is a signal waveform diagram for the explanation of operation, and 
data discernment is carried out so that the example which used the NRZ (2 7) 
modulation for record playback in the optical disk unit may be shown, the 
forward peak point of a regenerative signal may correspond to 1 of a record sign 
and other points may correspond to 0. First, as shown in drawing 4 (b), a 
regenerative signal is sampled considering the output of the oscillator 6 as 
shown in (a) by the analog-to-digital converter 20 as a sampling clock. The zero 
crossover converter 23 takes the difference of the sampled result, and as shown 
in (c), it outputs it. Therefore, it corresponds to the point that the zero crossing of 
the output of the zero crossover converter 23 is identified as a sign 1 . The delay 
machine 24 is delayed by one sampling clock, and outputs the output of the zero 



crossover converter 23, and the zero crossover detector 27 outputs the 
detection result Det as shows I/O of the delay machine 24 respectively to S1 and 
S2, then (d) according to (several 5). 
[0031] 
[Equation 5] 

Det- S1^O*^S2>O0^ 1 

[0032] the location count ROM 25 is read and is shown in drawing 4 (c) by 
considering S1 which is the output of S2 and the delay machine 24 which is 
exclusive memory and is an output of the zero crossover converter 23 as an 
address input ~ as — a sampling period — the location of 1 and a zero crossing — 
0 ~ carrying out — the location of the sampling time of S2 — straight-line 
approximation — carrying out (several 6) — the data to realize are outputted. 
[0033] 

[Equation 6] 

s 2 
S2-S1 

[0034] Since conventional-time spacing of clock playback here of a regenerative 
signal is spacing of a channel clock, it makes this 2pi radian. Although the 
sampling period is fixed in all zones at this time, channel clocks differ and it is 



expressed with (several 7) the sampling period phis radian in the Nth zone. 

[0035] 

[Equation 7] 

DN Ml- (N- 1 ) • M2 

# s= 2 % • = 2 it • 

DO M3+ 1 

[0036] a multiplier 26 makes the time amount location of the sampling time of S2 
when making the location of a zero crossing into zero radian phase value phii 
radian (several 8) — like (several 6) ~ phis of (several 7) is multiplied by it and 
outputted ( drawing 4 (e)). 
[0037] 
[Equation 8] 

S2 Ml- (N-l) -M2 S2 

• 4> s= 2 n * • 

S2-S1 M3+ 1 S2-S1 



[0038] As mentioned above, the phase calculator 22 consists of a zero crossover 
converter 23, a delay machine 24, and the location count ROM 25, a multiplier 
26 and the zero crossover detector 27, and outputs phii which is the discernment 
inspection appearance result Det and an identification point phase. These are 
outputted to the digital phase-locked loop 28. The digital phase-locked loop 28 
consists of the subtractor 29, a switch 30, a low-pass filter 31, and an adder 33 



and the numerical-control oscillator 32 which consists of delay machines 34, and 
first, a switch 30 outputs the output of a subtractor 29, when Det is 1, a 
subtractor 29 is a phase comparator which outputs the difference of phii and 
playback clock phasing signal phir, and it is in a release condition at the time of 0. 
The low-pass filter 31 carries out low-pass filtering, and outputs the output of a 
switch 30. Now, as shown in drawing 5 (a), the clock component of a 
regenerative signal when the frequency of a sampling clock is equal to the 
channel clock of the zone concerned will become what synchronized with the 
sampling clock mostly as shown in drawing 5 (b), if the loose time-axis 
fluctuation generated by record playback is disregarded. However, phir this 
sampling frequency of whose is the clock component of a regenerative signal 
since channel clock spacing is highly defined as a phase value of 2pi radian in all 
zones rather than a channel clock changes, as shown in drawing 5 (c) - (f). An 
adder 33 outputs the remainder which adds (2pi-phis) as the output of the 
low-pass filter 31, the output of the delay machine 34, and a constant 
corresponding to a zone, and sets law to 2pi. One clock of delay machines 34 is 
delayed, and they output an adder 33. Therefore, the free running frequency of 
the numerical-control oscillator 32 which consists of an adder 33 and a delay 
machine 34 becomes equal to the frequency of a channel clock. Namely, the 
free running frequency of the digital phase-locked loop 28 is a frequency of a 



channel clock, the frequency switch to each zone can be set up by (2pi-phis), 
and a very high-speed switch is possible for it. phii calculated when a zero 
crossing occurs by the zero crossover detection result Det is inputted into a 
phase-locked loop 28 by actuation of a switch 30, and playback clock phasing 
signal phir is obtained by the output of the delay machine 34. That is, the digital 
phase-locked loop 28 confirms the output of a multiplier 26, when the output Det 
of the zero crossover detector 27 is 1 , and it outputs a playback clock signal for 
this like drawing 4 (f) in interpolation and the form which carries out low-pass 
filtering. At every generating ( drawing 4 (g)) of the punching point shown in a 
playback clock phasing signal, the data judging machine 35 sets the playback 
clock output Cout to 1 , as drawing 4 (h) shows the generating. As the other time 
is outputted as 0, and it judges whether the identification point shown by Det=1 
is in the window shown in the punching point location as for close and is shown 
by drawing 4 (i) When close is and 1 and close are not, 0 will be outputted as 
discernment data output Dout. (2 Seven) In a modulation, although the minimum 
value of the sampling frequency in the data discernment by digital signal 
processing is the frequency of the channel clock In this case, although it has the 
trouble that it becomes impossible for the number of a punching point to become 
larger than the number of a sampling, and to express that output Cout by 1 bit, 
and circuit magnitude becomes large if loose time-axis fluctuation of record 



playback is taken into consideration Since the frequency of that sampling clock 
is a frequency slightly higher than the channel bit of an outermost periphery zone 
in this example, this problem is avoided. 

[0039] Since what is necessary is just to perform a free-running-frequency switch 
of a digital phase-locked loop about the change of the transfer rate at the time of 
playback as mentioned above by preparing the signal-processing section which 
samples with the sampling clock of immobilization of a regenerative signal, and 
performs data discernment by digital signal processing according to the digital 
recording regenerative apparatus of this example, the data identification unit 
which changes a transfer rate into stability at high speed can be offered. In 
addition, it may consider as difference twice at a zero crossover converter, or 
you may have an option, such as adding some threshold amendment not 
according to an exact zero crossover but according to record reproducing 
characteristics, and various formats are possible according to the modulation 
technique of record playback. 

[0040] Next drawing 6 is the 2nd detail drawing of the signal-processing section 
21 of drawing 1 , and, for a multiplier and 37, as for the 2nd digital phase-locked 
loop and 39, a phase calculator and 38 are [ 36 / a zone judging machine and 
40 ] switches in drawing. Since the location of the outline over the disk-like 
record medium 1 of a head 2 is generally easy for the controller of equipment to 



get to know, what is necessary will be just to judge any of the two zones the 
zones where the regenerative signal after access to the object sector belongs at 
the time of record playback actuation are in general. In drawing 6 , the multiplier 
of a multiplier 36 is set as the 2nd anticipation zone to the multiplier of the 1st 
anticipation zone set up with a multiplier 26. Free running frequency is set as 
said 1st anticipation zone, and, as for the digital phase-locked loop 28, the digital 
phase-locked loop 38 performs the same actuation as the digital phase-locked 
loop 28 except for the point that free running frequency is set as said 2nd 
anticipation zone. Therefore, change of the phase error of the digital 
phase-locked loop which is equivalent to the zone concerned of a regenerative 
signal is small, and phase error change of the digital phase-locked loop in the 
zone which is not so is large. These can be known by measurement of 
distribution of for example, a phase error. The zone judging machine 39 takes 
the time average of each distribution of the output of the switch 30 which is the 
phase error variance of the 1st anticipation zone, and the switch output in the 
digital phase-locked loop 38 which is the phase error variance of the 2nd 
anticipation zone, performs a size judging, and outputs the zone indication signal 
of the smaller one. A switch 40 chooses the playback clock signal of the 
phase-locked loop set as the right anticipation zone according to the output of 
the zone judging machine 39, and outputs it to the data judging machine 35. As 



mentioned above, they are able for any of two anticipation zones to judge 
whether it is the right, and to adopt a playback clock signal as data discernment 
by the phase-locked loop of the right direction from a regenerative signal. 
[0041] According to a series of above actuation, the channel clock of the zone 
concerned is unnecessary to the data discernment at the time of playback, and a 
zone switch can be dramatically performed at a high speed. 
[0042] Drawing 7 is a signal waveform diagram for explanation of the frequency 
converter of the digital recording regenerative apparatus of this example of 
operation, switch actuation of a frequency converter 7 is mostly set to below 
equivalent with the playback actuation period of the address at the time of record, 
and as shown in (b), in case a frequency converter 7 changes from a certain 
zone to the next zone, it completes frequency switch actuation during the 
playback period of the address. According to this actuation, also when recording 
continuously ranging over two or more zones, record can be performed without 
inconvenience. 
[0043] 

[Effect of the Invention] This invention can change a transfer rate into a high 
speed and stability as mentioned above by establishing an analog-to-digital 
conversion means to sample with a sampling clock, and the signal-processing 
means which carries out data discernment of the sampled regenerative signal by 



digital signal processing. 

[0044] Moreover, simplification of a circuit can be attained by having 
corresponded the sampling frequency to the transfer rate somewhat higher than 
the transfer rate of an outermost periphery zone. 

[0045] Moreover, according to zone change, the channel clock at the time of 
playback can be dramatically switched to a high speed. 

[0046] Moreover, a zone switch of a frequency-conversion means can be 
terminated within the playback period of address part, and the zone switch at the 
time of record can be performed smoothly. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 



[Drawing 1] It is the block diagram of the digital recording regenerative apparatus 

in one example of this invention. 

[Drawing 2] It is record format drawing in this example. 

[Drawing 3] It is the 1st important section detail drawing of drawing 1 . 

[Drawing 4] It is the 1st signal waveform diagram for explanation of drawing 2 of 

operation. 

[Drawing 5] It is the 2nd signal waveform diagram for explanation of drawing 2 of 
operation. 

[Drawing 6] It is the 2nd important section detail drawing of drawing 1 . 
[Drawing 7] It is a signal waveform diagram for explanation of the frequency 
converter in one example of this invention of operation. 
[Drawing 8] It is the block diagram of the conventional example. 
[Drawing 9] It is a record format of the conventional example. 
[Drawing 10] It is the important section detail drawing of drawing 8 . 
[Description of Notations] 

1 Disk Record Medium 

2 Head 

3 Regenerative Amplifier (Means) 

4 Binary-ized Circuit 

5 Data Discrimination Decision Circuit (Means) 



6 Oscillator (Means) 

7 Frequency Changing Circuit (Means) 

8 Record Amplifier (Means) 
9, 30, 40 Switch 

10 16 Phase comparator (means) 

11, 17, 31 Low-pass filter 

12, 32, 33 Adder 

13 18 Voltage controlled oscillator (means) 

14 Data Judging Machine (Means) 

15 19 Counting-down circuit 

20 Analog-to-digital Converter (Means) 

21 Signal-Processing Section (Means) 

22 37 Phase calculator (means) 

23 Zero Crossover Converter 

24 34 Delay machine 

25 Location Count ROM 

26 36 Multiplier 

27 Zero Crossover Detector 

28 38 Digital phase-locked loop 

29 Subtractor 



32 Numerical-Control Oscillator 
35 Data Judging Machine (Means) 
39 Zone Judging Machine (Means) 



